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Summary  Conventional  method  of  deﬁning  half  velocity  widths  is  applicable  only  for  axisym-
metric jets.  Hence,  geometry  based  deﬁnition  of  half  velocity  width  is  used  for  non-circular
jets. Usefulness  of  this  method  becomes  less  when  there  is  no  symmetry  based  on  geometry.
Hence, a  new  half  velocity  width  is  proposed  based  on  equivalent  area  method.  Newly  proposed
half velocity  width  is  computed  for  a  conventional  circular  jet  and  a  non-circular  jet.  The  com-
parison of  half  velocity  widths  obtained  using  conventional  method  and  newly  proposed  method
shows good  agreement  with  each  other  for  circular  jet.  Geometry  based  half  width  and  equiv-
alent area  based  half  velocity  width  agree  in  the  near  ﬁeld  for  the  non-circular  jet.  Equivalent
area based  method  is  found  as  better  representation  of  half  velocity  width  for  non-circular
turbulent jets.
©  2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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urbulent  jets  are  classical  ﬂows  and  they  ﬁnd  numer-
us  applications  in  industries.  Axisymmetric  jets  have  been
tudied  extensively  in  the  past  because  of  their  simplicity
n  geometry  (Ball  et  al.,  2012).  Due  to  the  disadvantages
f  axisymmetric  jets,  non-circular  jets  gained  attention  in
he  recent  times.  Non-circular  nozzle  shapes  (Quinn,  2013)
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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icenses/by-nc-nd/4.0/).ike  square,  rectangular,  triangular,  stellar,  cruciform,  lobed
ere  used  to  gain  advantages  over  conventional  jets.
Turbulent  jets  are  characterised  by  many  parameters
nd  some  of  the  important  ones  are  velocity  decay,  spread
ate  and  entrainment.  The  effectiveness  of  jet  mixing  is
onitored  by  the  spreading  of  jet  ﬂuid.  The  spread  of  jet
s  calculated  from  the  plot  of  half  velocity  width  versus
xial  distance.  Conventionally,  half  velocity  width  is  cal-
ulated  from  the  velocity  proﬁle  for  axisymmetric  jets.
eometry  based  deﬁnition  of  half  velocity  width  is  used
or  non-circular  jets.  This  method  becomes  tougher  when
here  is  least  geometrical  symmetry  or  no  geometrical  sym-
etry.  Also,  this  method  can  produce  erroneous  results  in
he  region  of  axis  switching.  Hence,  a  new  method  is  pro-
osed  for  calculating  half  velocity  width  which  is  based
n  the  equivalent  area.  Data  from  simulations  are  used
icle under the CC BY-NC-ND license (http://creativecommons.org/
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RFigure  1  Geometrical  description  of  an  axisymmetric  nozzle.
for  calculating  half  velocity  widths  by  two  methods  and
compared.
Methods for computing half velocity widths
Conventional  method
The  conventional  method  of  deﬁning  half  velocity  width
starts  with  plotting  of  mean  axial  velocity  on  any  radial  line
(R)  from  the  jet  axis  (see  Fig.  1).  Half  of  centerline  value  is
located  on  the  above  mentioned  plot  and  the  same  is  traced
for  different  axial  locations.  Here  ‘D’  is  the  nozzle  diameter.
Geometry  based  method
Geometry  based  method  used  by  Quinn  (2013)  involves  half
width  data  extracted  from  more  than  one  radial  line  and
follows  averaging  process.  A  cruciform  nozzle  is  shown  in
Fig.  2.
Similar  to  conventional  method,  half  velocity  widths  are
extracted  along  two  radial  lines  (Y  and  S).  The  two  radial
lines  are  selected  based  on  the  geometric  symmetry.  The
geometry  based  half  velocity  width  ‘B1/2’  or  ‘B-half’  is
deﬁned  as
√( )
B1/2
D
= Y1/2
D
∗ S1/2
D
Figure  2  Geometrical  description  of  a  cruciform  nozzle.
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eigure  3  Comparison  of  half  velocity  widths  for  an  axisym-
etric  jet.
roposed  method
quivalent  area  based  method  of  deﬁning  half  width  velocity
s  required  when  geometry  based  method  is  not  applica-
le.  This  method  involves  a  few  steps  and  they  are  listed
s  below.
 Extraction  of  maximum  axial  mean  velocity  at  a  particular
axial  location
 Plotting  contour  of  Umax/2  (usually  half  of  centreline  mean
axial  velocity)
 Calculating  area  (A0.5Umax ) enclosed  by  the  contour
 Radius  from  the  above  calculated  area  gives  new  half
velocity  width
The  proposed  deﬁnition  of  half  velocity  width  ‘K1/2’  or
K-half’  is  given  by  the  equation  as  given  below.
K1/2
D
=
√(
Area0.5Umax
  ∗  D2
)
esults and discussion
xisymmetric  jet  case
he  calculated  half  velocity  widths  are  plotted  along  axial
ownstream  distances  for  a  circular  jet  and  it  is  shown  in
ig.  3.  The  half  velocity  widths  calculated  by  both  meth-
ds  (mean  velocity  data  from  reference  literature  Kannan
2015))  fairly  agree  with  each  other  in  all  regions  of  the
xisymmetric  jet.  Thus  the  proposed  method  is  validated
or  the  well  known  case  of  simplest  jet.
on-circular  jet  case  (cruciform  jet)
he  calculated  half  velocity  widths  are  plotted  along  axial
ownstream  distances  for  a  cruciform  jet  to  check  its  valid-
ty  for  non-circular  jets  and  it  is  shown  in  Fig.  4.  The
onventional  method  is  not  applicable  and  hence  geome-
ry  based  method  is  used  for  comparison  with  the  proposed
quivalent  area  based  method.  The  mean  velocity  data  of
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Kigure  4  Comparison  of  half  velocity  widths  for  cruciform  jet.
alculations  are  taken  from  reference  literature  (Kannan
nd  Senthilkumar,  2016).
The  K1/2 agrees  with  B1/2 in  the  near  ﬁeld  region  and  they
re  comparable  to  the  experimental  data.  A  slight  devia-
ion  is  found  in  the  downstream  region  which  may  be  due  to
he  deﬁciency  of  the  geometry  based  method.  Though  both
eometry  based  method  and  equivalent  area  based  methods
re  approximating,  the  latter  is  the  only  choice  for  highly
on-circular  jets  like  lobed  jets.onclusion
 new  method  of  deﬁning  half  velocity  width  is  proposed  and
t  is  validated  with  the  simulated  data.  The  new  method  is QB.T.  Kannan
ound  to  reproduce  the  half  width  fairly  well  for  axisymmet-
ic  jet  case.  Similarly,  half  velocity  widths  are  compared
or  a  non-circular  jet  case.  Geometry  based  method  and
quivalent  area  based  method  are  compared  with  the  exper-
mental  data.  Good  agreement  of  newly  proposed  method
ith  the  geometry  based  method  is  obtained  in  the  near
eld.  Slight  downstream  deviations  are  found  and  which  is
ay  be  due  to  the  deﬁciency  of  geometry  based  method.
he  newly  proposed  method  can  be  applied  for  turbu-
ent  jet  ﬂows  that  emanate  from  highly  complex  nozzle
hapes.
The  advantages  of  the  new  method  are  its  better
pproximation  of  half  velocity  widths,  applicability  to  all
on-circular  jets  (including  lobed  jets)  and  multiple  jets.
he  only  disadvantage  is  the  non-applicability  for  multiple
ets  with  nozzles  having  different  ﬂuxes.
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